Background/Aims: Few data exist on reference thyroid volumes (Tvols) for Spanish children. The standard tables of the World Health Organization (WHO) are only for children older than 6 years. The present cross-sectional study reports the normal Tvols of 3-14 year-old girls and boys living in Madrid (Spain). Methods: The study subjects were 217 children aged 3-14 years. Urinary iodine was determined, and, on the same day, cervical ultrasound examinations were performed by a single, experienced paediatric radiologist. The sex-specific, upper normal limits for Tvol were then determined, based on age and body surface area (BSA). Results: The median urinary iodine concentration was 120 µg/L (interquartile range 80-184); the population was therefore deemed to fall within the optimum range for iodine nutritional status. Eight children with heterogeneous glandular parenchyma were detected, as were 6 with increased vascularity, and 22 with intrathyroid cysts. Tvol increased with age and BSA in both sexes from the age of 3 years. In girls aged 11-12 years, Tvol was significantly larger than that in boys of the same age. When comparing children 6 years old and above, the 97th percentile Tvols with respect to gender/BSA were similar to WHO reference values, but by gender/age they were 30% larger. Conclusions: This work proposes reference ultrasound-determined Tvols for 3-14-year-old children living in Madrid.
Introduction
Iodine is an essential trace element required for the formation of the thyroid hormones, which are crucial for somatic and cognitive development. The recommended iodine intake is 90 µg/day from birth to 8 µg/day in children 9-13 years old, 150 µg/day in adolescents and adults, and 250-300 µg/day during pregnancy and lactation [1] . According to the World Health Organization (WHO), iodine deficiency affects more than 2 billion people worldwide, most of them children and newborns, and remains the leading nutritionally preventable cause of mental retardation [2] . Although iodine deficiency is prevalent in developing countries, mild or moderate iodine deficiency is not uncommon in industrialized countries. In total, about 20% of the world's population is at risk [3] . To determine the nutritional status of iodine in a population, the WHO and the Iodine Global Network indicate the urinary iodine concentration (UIC, expressed in μg/L) to provide the most practical biochemical estimate of recent iodine intake. The median UIC is used to express the global nutritional level of iodine in a population, although it does not take intra-individual variation into consideration [4, 5] . According to international standards, the normal median UIC value range is 100-199 μg/L, corresponding to a daily oral iodine intake of 150-299 μg [5, 6] .
The size of the thyroid gland in school-age children reflects the severity of iodine deficiency in the general population [3] . Historically, 2 methods of thyroid examination have been used: palpation and cervical ultrasound [7] . When available, the latter method is considered better for determining the size of the thyroid gland [8, 9] , particularly in areas where goitre rates are low [10] . Although international reference values were proposed by the WHO in 2004 [11] , they do not reflect local variation. Local references should therefore be obtained.
In the present work, thyroid volume (Tvol) was determined in children from Madrid (Spain) to establish local values for the first time. The population analyzed had an optimum iodine status [12] . The results obtained were compared with those reported from other parts of the world (Table 1) .
Materials and Methods

Subjects
An observational, cross-sectional study was conducted at the Department of Paediatrics at the Puerta de Hierro-Majadahonda Hospital between April 2011 and October 2012. A total of 217 children aged 3-14 years were enrolled. All of them had been referred from primary health care centers in the surrounding area (one of high socioeconomic status) to our outpatient paediatric clinic for reasons other than thyroid problems. Children with a known thyroid disorder or who had received iodine contrast for a radiological examination were excluded.
Variables Assessed
Fasting (overnight) urine samples (10 mL) were taken once from all the children, frozen at -80 ° C for transport in a portable refrigerator to the Laboratory of Biochemistry at the Hospital La Paz (Madrid, Spain), and the UIC determined using the modified Benotti-Benotti method [13] . Following WHO guidelines, the UIC values were expressed as medians -not means -due to the vari- ability in values between subjects. Height and weight were measured using standard anthropometric techniques, normalized for sex and age, and expressed as mean ± SDs according to standardized published tables [14, 15] . Body surface area (BSA, in m 2 ) was calculated from weight and height measurements using the formula [16] On the same day as blood extraction, the children underwent cervical ultrasonography performed by a single, experienced paediatric radiologist. Tvol was measured using an Acuson Antares Premium apparatus (Siemens, Munich) equipped with a high frequency (13 MHz) linear electronic transducer. Measurements were made with subjects sitting upright and with the neck slightly extended. Tvol was determined as the sum of the volume of both lobes, not including the isthmus, using the formula [11, 17] : Tvol = width (cm) × length (cm) × thickness (cm) × 0.479.
The echographic variables assessed were total volume of the gland (expressed in cm 3 ), homogeneity of the parenchyma, vascularization of the gland, presence of colloid cysts, and the presence of space-occupying lesions and adjacent tissue abnormalities (lymph nodes, masses and collections). Cervical palpation was not performed, since ultrasound is preferred if an expert radiologist is available [3] .
Statistical Analyses
The sample size required for this study was calculated by accepting an alpha risk of 0.05 for an accuracy of ± 6.5%. Data were presented as means ± SD, or medians and interquartile ranges (IQR). The Kolmogorov-Smirnov test was used to determine whether the variables showed a normal distribution. Comparisons of the results for continuous variables between sex/age groups were made using the Student t test. To determine the Tvol percentiles, a statistical correction was made, removing out-of-range values (those that exceeded 3 times the range between p75 and p25) for each group, with the idea of setting a p97 normality limit. All calculations were made using SPSS software version 14. Significance was set at p < 0.05. 
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Results
Description of the Population
The children enrolled were 107 girls and 110 boys. These fell into 3 age groups: (a) preschoolers (3-6 years; 38.7% of the total sample); (b) primary school age children (7-10 years; 33.6%), and (c) adolescents (11-14 years; 27.6%). The weight, height, and body mass index of all the participants fell into the normal ranges for Spanish children [14, 15] .
Iodine Urinary Concentration and Description of the Ultrasound Thyroid Findings
The overall median UIC was 120.00 μg/L (interquartile range 80-184), that is, within the normal range for children of any age according to the WHO. Seven children had UIC values of > 500 μg/L, probably indicating iodine poisoning (perhaps caused by the use of iodine antiseptics which is common in Spain); 37.8% of the children had values of < 100 μg/L (representing iodine deficiency) and one third of those had values of < 50 μg/L. Eight children had heterogeneous echogenicity of the thyroid parenchyma (suggesting tiny cystic spaces), 6 showed increased vascularity compatible with thyroiditis as per radiologist and 22 had intrathyroid isolated cysts. One single big cyst was biopsied showing a thyroid adenoma. There were no differences seen in median UIC between these patients and the children with no such problems.
Relationship between Thyroid Gland Volume and
Gender/Age and Gender/BSA The 11-12 year-old girls had higher Tvol values than did boys of the same age (p = 0.037; Fig. 1 ). Figure 2 shows the 3rd, 50th and 97th percentiles for gender/ BSA. Table 1 shows the present age-specific percentile 97 for Tvol compared to the results of other studies undertaken in areas with optimum iodine reference values, including the only other study determined in Spain to date [18] . Compared to WHO standards [11] , the present Tvol for children 6 years old and above was 32% higher when adjusted for age and 5% higher when adjusted for BSA.
Thyroid Gland Volumes; Comparison with International Reference Values
Discussion
The present results show the iodine status of children in the northwest of the Madrid area to be within the range of normality. The median UIC value (120 μg/L) was similar to those previously reported for other Spanish provinces [18] [19] [20] [21] [22] . Formal international recommendations advise that standard references for thyroid volumes should be determined regionally or nationally. The WHO data for normal thyroid volumes refer only to children over 6 years of age, while 30% of our present population were younger. To the best of our knowledge, only 2 studies have reported Tvol for children between 3 and 6 years of age: one from Brussels [23] -in an area with a median UIC of 68 μg/L -and one from Japan [24] with Tvols smaller than the present study. Only one Spanish study has proposed normal ranges for Tvol, and this refers to children aged 6 years and above [18] . In the present work, Tvol determinations were made by a single paediatric radiologist with more than 28 years of clinical experience. The results are therefore free of interobserver variation, a factor known to have contributed to current disagreements surrounding normal Tvol values for children [9] .
We found radiological abnormalities as heterogeneous glands and cysts in some patients, these patients have been followed by a paediatric endocrinologist, not showing further complications. Table 1 provides a summary of the age-adjusted p97 Tvol from different countries and the results for the present study. Although no statistical analysis was performed, it can be seen that the present results are similar to those reported from the Netherlands, Malaysia, China, Sweden and Brazil [9, [25] [26] [27] [28] . However, the Tvol values are higher than those reported by the WHO [11] , and from Japan and Nigeria [24, 29] , probably due to genetic or environmental factors.
In the present work, significant sex differences in Tvol were found for the 11-12 year-old group (with girls showing higher values). These data agree with the results of previous reports from other countries, which suggest that between 8 and 12 years of age, girls have a higher Tvol than boys [11, [24] [25] [26] [27] [28] [29] [30] [31] . This might be related to the earlier onset of puberty in girls, or to possible differences in iodine status due to differences in consumption of iodine-rich food. However, no such gender differences were found in other studies [18, [32] [33] [34] [35] . The present Tvol values are higher than those reported in the one other study performed in Spain [18] . Madrid lies at the center of the country, whereas this other study was performed in a coastal area where the consumption of iodine-rich foods such as fish and seafood are historically higher; this might explain the difference. The present Tvol values are, however, smaller than those reported by Delange in several European countries in 1997 [2] . This may signal that good progress has been made Spain over the last 2 decades with respect to achieving adequate iodine status.
Linear correlations between BSA and Tvol have been detected in different countries [9, 24, [31] [32] [33] [34] . BSA/gender Tvol tables are important in countries with a high poverty rate, where there can be mismatches between age and the expected BSA [10, 31, 35] . However, in countries like Spain, in which people's nutritional status is usually appropriate, it is more convenient to use tables based on age/ sex, especially since the radiologist taking the required ultrasound images will commonly not know the BSA of the patient [23, 36] . In the Netherlands, Wiersinga et al. [25] observed that, until the age of 14, differences in Tvol with respect to sex were greater than those with respect to BSA.
The present Tvol values are similar to those recorded in other regions and countries. However, the small sample size forced the present use of 2-year ranges instead of single years, perhaps reducing the reliability of the results. Further, since goitres may take years to return to normal after restoring the patient's iodine status, the WHO recommends carrying out Tvol studies in populations that have long (though without specifying how long) been in a situation of iodine sufficiency. Spain was iodine-deficient until 2003, so the 9 years that elapsed until the time of the present research may not have been enough to normalize the Tvols in the general population. Another limitation of this study is that it was performed at single hospital with a specific population from a medium-high socioeconomic background; the results may not, therefore, be representative of the entire Madrid province. Multicentre studies should be undertaken to address this issue.
In conclusion, the iodine status of children in this part of Madrid lies in the optimal range. The Tvols recorded are comparable to those noted for other countries; however, they are around 30% higher than WHO values for children aged 6 years and above. Larger, multicenter studies are needed to gather more data. To our knowledge, this is only the third published report to provide Tvol data for children aged 3-6 years.
